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Abstract of JP2001 164901 

PROBLEM TO BE SOLVED: To improve heat transfer of a 
turbine engine part. 

SOLUTION: A turbine engine part is provided to have a 
surface containing a plurality of dents effective to increase 
the surface area of a part. The dent is formed approximately 
in a recess-shaped profile and transfer ability of heat of the 
part is improved. A method of manufacturing a turbine engine 
part is also disclosed. 




24 



http://v3.espacenet.com/textdoc?PRT=ye^ 11/15/2003 



THIS PAGE BLANKS 



<19)B*HW«riFff (JP) 



(12) & 



(A) (IDttttUHftBH*? 

#^2001-164901 
(P2001-164901A) 

(43)&BBB ' ¥^13^6 319 B (2001.6. 19) 



(SDIntCl. 7 

F0 1D 5/14 

B 2 2 C 9/24 

B2 3K 1/00 

F 0 1 D 5/28 



mam 



F I 

F 0 1 D 5/14 
B 2 2 C 9/24 



A 
C 

3 3 0 P 



3 3 0 B2 3K 1/00 

F 0 1 D 5/28 

m&m& mimosa ol nmrnmrn (£35H) f&*m\z»< 





#S2000- 195380C P2000- 195380) 


(7DHISA 


390041542 








^y)V- hU ry£ ■ #>A"x-f 


(22)tBSB 


¥J£12*£ 6 329 B (2000. 6. 29) 




GENERAL ELECTRIC CO 








MP ANY 




# 0 9/3 4 5 5 4 1 








¥i£ll¥6 £305(1999. 6. 30) 




^^x-f . 'JA*-D-h\ 1# 


(33)ff£ffi£lig 


#B (US) 


(72)3M» 


9x-f> • ^-V— fl-X- AX 
















3p?;i7X-376, T-^xW >A* 






(74)ttSA 


-IS 

100093908. 








#S± if— 











(54) [ftnogfii] f^eStt©^±Lfc^-if>x>y>SSfi^Wr-?-cD»3gfe 

20 



(57) \Wti\ 



26 



20 



25 




24 



1(2) 001-164901 (P2 00 1 -1 6U58 



mmz^tl9-t'yj:y ; J y gp q D B . 

Wffe S - il>J<iI 1 iESttf)? - h'yx y -Jy 

tvfcXttb*- A-w 3-t< yYtfrh**). mi 
« . If t&A l imnf-t'yxy iSytta. 

*JR 1 KK^-hyxy^ygftPp. 

y<a¥*3Bm&H+l. 9-^y^y'Jymmu. 
A*»rRH**/C-Cfc* . ?-h*yxy v'yg&aog? 

[itwi7] +^Ffc^tS:*t- mmx-hnx. + 

W-e^tfWSfrJHCift 1 2 5 ~*&4 0 0 0 S ? o y<0¥ 

n. 

LT. *^7l-ffifcffiffiW£T?*^-£toi*iE£ 
[00 0 1] 

[fKB^H^iailf^ff] *%ffl{4. ^-h'yxyyy 
- h'yx y ^vffiAoM&Stt * $ it h tztfXD WS. 

izmth. 

[00 0 2] 

[t^cogffi ] 9 - h'yx y s>yfflift<oiijfc*Rgff ,£* 
if (CftofcA K« * ^ftffi^tiJ SitT U|, . mi a . 
xy^yffSHSA^^ffl^^giJfortgg^^-c i la 



h <?ym& iix t,zizm$mm £ ti% v u: y v y gp B n a ^® 

feit—i&iz^&^mwcomfein-t ? >- * yizmwhtitz 
mm#t m-thztx-mmzm^mm to. 

[0003] 

m LtzB&comxmmz r&j± § *s c i lt o 

ifcl-flkthhtiX^h. 
[0004 ] 

[ nil r mm- h t&m&!k ] *^sjo« h mmx'\i. 

9 - 1" y x y y g|5 n a a c7)*®W ^z^Wj: 

< ^zmx^mmz^thus'umm^ixh . < u 
[0005] *^sogij^®«(4. «ff^*fi-ri>s 

-h'yxy ^ygPp D p^Sjt*a(cUg-tl» . mfc&?ffi& 
[0006] *f&^S fetSiJ^SSJi. «fft<?)0@e& 

^ L T ^ - h* y x y y y ^3, ^ jg-f 5 gm , ^ 
ffiPa k Sr t-tf 9 - h'yx y y'y Si5p D pCD^ji 
>Vi£(c BK" |> . mWz m^zteco 9 - h yx y y'ygpfp 

(i, m^<^T9x^^-mbwmtiT9^^-mz 

[0007] 

^fi]ffl§ixS* { . -JRttt, 1 0 0 0X:Srl8i4 J: 3 
S. x •/ inumRrfm&£&z%it>btl rjg^j t- 

\iaj<>\, h ^mufijt** a* m-cDTtmx'b $ . 

(Ni) tftfc:. ay\';uh, ^nA, r^S->)A, ^ 

y^iry s turfy i-9y&x/m*t>%&$tfrL> 

twii. I n c o n e l (g|J-SS ) . N i m o n i c 
(%mm) .Rene (S^ffiM) (HitfRene 
(SUfSjlU 8 OSUfRe n e (58ffi£) 9 5-^6 



!(3) 001-1 64901 (P200 1-1 6U5S 



ati&tntfbt. itmm^^^hm^i. #»3o 

n.M%V)±(nofi)Vh (Co) c. --/^U. ?oA s 
T/u^-^A. fyyxT-y. ^'J7t>\ f-? >"&.*/ 

; h mm-S&nmiZl, t . H a y n e s ( Sliffi* ) , 
No z z a 1 oy (Slf-iSfl) . Stel lite (f 

mm) Rim 1 timet immm) t 
[ooos] w&9i*4 Tim*%&imw. mim 

y^i-. flMJWK-A. A> yhi>L<(5:7'V-F. 7 

a n Q , mutyyy'J. ?->yy'%.7J<J yfztthfrtt 

hiy^y^Y9 l )Ty y xmmUnU&tfh I . 

^(Cii. I n c o n e 1 (figfi) 7 18, I n c o 
n e 1 (2i*ffiS) 9 OOy'J-X. SVWa s p a 1 

oy (mmm) mi. 

[0009] *JMB0SHBKBTtt, «ff (ttfc^-tf 

WM& rnm?^-?-i izmuLxn*). ztuz-o^ 
ximx'Zt > izmt<fflm-&. mtif. w»aw>*& 

t3r&#\ asm?* t'f -< jegasrtffitatt^ 

[ooio] ft&nssKss-eti. 3hk*)*uu±*-a- 
\s4zi-T4y7%m^X'fsfrtih. $-J\-\s4 a— 
Tjyfli, 7u-iSy7is-bam&0>X oizu±it 
i"-Y<r>&mX'hr>Xh£^L. f&MiAyO-X'b^ 

xi>£\.\ *-k-v4 a— f < yy\mi&<\ifri&tfL 
tf. 

[00 11] #f»££IISS«?STi;L 7°V-\sv7 
is-bl3.t>ott?V-yy—TX'fo&. a»a»£f-7JJ 

[0012] ^^5«^Mii-ic-7 



£*X/CWCfcj:<, ■ltlh(r)f8.MZm£MTmt LX 

JHUSS. ^3«^7C*<Oia«Ul±5-S-tf?l^i 

S** 1 . + ^fiS2. 9. -7^9 2. 6. XX4. 5 
OiiO; K^mS. 0, ?nA7. 0, t3. 0, -7 
7->\sS3. Q>Wf / r4%A. 0t0i><7) : ?nAl 9. 
0.- x^/U7 1. 0&t»4«l 0. 0<Dl><D;*7 

[0013] ootty [ J-yT-7z: 4feZ>tz#><r>Xy o 

-wu yyt ixi,3.-mzm«%mwm^t>tix^ 

4. imfcMZMfcMtlX. ^'Jx^Uiohf^KS 

ffiH (T-fehy. h/L-xy. XJi^K* 

[00 14] Xy'J-H. My 1 ar (S^jSiK) 9^ 
miX'X'* tzTyX* ■v7i'—Vcr)i.r) %&$*im%5. 
fty- h±<,ZT-7**X bth . 7 i -7^ J rXh(C(i 

o ttT-Timn® i^2 5 0i?Dy. » 

*L<ti»2 5~»l 25 $.yay<7)mZ£G?Z>. 
[0015] ±&<ry&&*>oMt>U y?*1sA,iib o 
*rf-7W8R$fvC^£. TfJM B a n cO-W(i S u l ze 
r Met cottA^TfjlK^tlTV^Amd ryBi 

S) 1 0 0T'S>4. 

[ 0 o l 6 ] « o m y 'J — yy—yt,zWif hti%> < <^ 

m%mt < ®*mfcthwz+ft%±%*v>%t :: ?-frt> 
*s»f9*"CA&. ^<^mmmmx'ii. ^^mt. 
mt<®Mz£^xhtzL>zti&$iwmzRv : mm 
(Rtsmmzimim) nmmx'ti&frtz&fezti 

«fflJEffiTM^ Lfc 4"C^¥%fi $ r r a j t TO^ffi 
i r Rzj T^Sfttt^itS. *6Hit»«i"rtt, Ra 
«i^0. l $;u c fc')*§<. fl^ani. 0S;uj;»)^ 
#<.»^L<«i^2. 0S^J:«J*#v\ IMRali 

num. fttzfti o $^5fo!-e$>£. 

[0017] hzmmm-u. 
imtxm#x'$><) . MM2. ovrnTx^rbit. 



!(4) 001-164901 (P2001-1 6U58 



&mm%BX'li. «mt*lJl. 2tnW.*^?hJt£ 
*f ft . < S'AftM**^ W^KKIiHRicW 1 2 
5^4 000 5?oy, Mitfttl 5 0-S&2 0 5 0 

s ? d y-c* * . * ft # 4 u m&mmxit . fBsttS^ 

WMSIilil 180-^6005^0 y T A ft . 

[ o o i s ] < «xms$mt iv h y ■•/ ^ffltraa^ 

fittfifflj- 7 tA- 7 o A - 7;L- S - v A - 7 h'J 
7ni (NiCrAl Y) ^«fc 3&&JST&OT t =t 
< , ifijS4>T"c7)x y -7- y^fc J: oT^ft -5 W"? h> 'J 7 
7 *frhWtRmW*£X'% ft . -b 5 S 7 ?«HfcttfflT 

&mtmmvn7/\s $ -na^ *-fijjsf ft dfttitagg 

#*>*»*>»fl:ttRfc: i-?T ££ft 3flvh y 7 ? xfr 
kxumtzx. 7 f- >-7"t"# ft . v h 'j 7 7 x^ix^ 
^siflx^ y tt # t v> * i&i&mmx'te . a«r 5 x 

?- y?£f£fflT*#ft. 

C0019] use, aA. KfiHt. o-/p#* 
^i0« * £ J: -> T 5 y C f+« § * ft I i: **T 

#ft. #*Sffi^iatK(i. «t<ar*oa*uvt^- 
y^fb^ftj; o%mt L^m&rfroEMizbinBt 
i&tFt&o mm. K&x-nmww-xn&BafiniLMi 

[ 0 0 2 0 ] is. < ar*»)S«*«)#3it:jfeioT. 
ft 0 My y - >T--r<mmz®*M&w*6-n> . 

T'fiOli*SPi fc T'^^:^»% L t#ft t> ^X'foiWiZA, ta ft 

3 wmmxh mrnxz & . imm^miui^ y x 

<7)TtJlI n a n t LTti. C o t r o n i c stt*»4>lfJ!E<0 
r 4 B Braze Binderj **J>ft . Jg^fflti 

#«ttWT-)ifeiT'#ft. wmmmiimBt®. 

ttif&fr&wmiGttUiX^. 4fc, 3Mtt^4 6 7 

I i 7 * ;P a * ffl \,\ ft I b t ft . 
[002 1 ] »*HtUKBi-C«, ft 3#(C5t/ioT . aft 
<3»cf»5rS4 U^i«#£ftft«fc pfcr-rilffl 
Tl^ihf ft. WAtf. >NU£v^K£fco#t 

ttttT (miUTZ**.? hJt#2 . O^gtfttco) 

knsiusft, mm. mm. mm^ximmmtm 
^menBTti . (rem- xim^ft £^&ft 3 wt- 
css-fft. *^fttg*y-h{i. ii»f^^tcn« 



Jft&»fe=flrS tiOT'i, J:k jffa^SNtfflKco^-CJiJiE 

[0022] «o*»fl3|BBBIBTtt. <ffA»j«»** 
yu-vy/^-hSffiitv^-y-ft-f ft. K?-y 

ftcti*^ ^ftfiw* ft . b&mmmtii . 3 

m^tx? y-yEpJHfiWfcj; otx^ U-y^ilL 

TawniBfciti'f ft . xy'j-yii. 9m<rffig<m 
tt&ifizi* zizmtx. x&jmm<omn£ 
1. . . ft 5 trs«n *x-7v->%mLx 

y-HcM^fft. ^^u-y^^tt. >^-v\lL 
tdgmwmtp&htih . i^y- htc^ft 3«r^** 
*»ttftt. 8anw**^««{cflarf6. x^y->- 

4ft*-". SliHRtx; U-y^BBPcoiaRtcWJCL/s 
f 7 f-T-5 \ HcglHf ft . iiM<7)fi*(iSB Clft*T 

o<S'^^N'^-y SrW^f ft ± -5 tcft 0 Wt-r? 
*7hL. #^ : 5:ft3«x-7-rBXyi^<, ^ 5 LT^n' 
^- y-ftL/cx-Tic < a'AffMS*2r#*§-t«i(f J: 

^ftaWTItat. K*SPgT-«^f ft 

BMHWc < «i'^ffM««SrStt{ctt*§^ft fcfttf)(B* 
^#S2rJStt-fftA>'. -«(cfi^B^Bl« n D n tfe^T«i 

[0023] S'JOSM»®T-{i. t'#J>* J o7tt^7)^y 

ft3W^y-yx-rco^+^. <ff*^t»* 
a: ft 3 tf ^ >J -yx-r^ffi^fSvi- ( -^#5 3 WBtefc. 

^-fy^avaBW) ts-^-fft. <«i'^Mf/j v *(ift3 

[0 0 24] My 1 ar (fiftffiffi) KSTffcT) 
S*ftlt*ia4^ftgp^t:f=f«§-frft. ^J^.tf. ti* 

m*&mLxi> x\>\ f—TZ&mtmzttmmt&t: 

[0025] «-34>«0HiSg®-C{i. WIMfg 
flftWHir^fift. S«t0FJf^<0gp^Cft5tf^';-yr 
-7*?rg# . <fcv^<-f yrt»4Wtc»»L^rai'fw 
ftiSWtg§M§^f. T-rtiS^raWfJELTtg 
»fft. ft d ttr- T^Stt±(cai,-i^^. r 

[0026] s^^ft d»^y-yf— r^ttOWtfe 

3 ^«^^ftajT-HSS-C'# ft . -^tcS4*li^> 



!( 5) 001-164901 (P2 00 1-1 6U58 



hwttmtfn-sztiz. bow&m&mt&£& 

2 5~&J 1 6 5 0 "CX'fo %>.—•'/ TlVm^&b 0 

b oimmmftm o o-m 1 2 e o-cx-hh . 
[0027] ^mxhtia. b o min&pft?mmz 

ftfrfh. ^Si. WSKI4»1 0-»~Wl 0-Horr 
X'h D , K2E*+ w<*»^JIIII!SS«*WaK/P4'C» 
m-f § d t tc ± -5 T Jifiic $ ft h . 
[0 0 28] bti s T%%^ffl&lZ7l'- 

(aHM) tig (yy/xf^iStt») m 
[0029] M*SBT. ri/-j/>/y-h*««t 

starr & . ^ 0 m^i h b . mtf^mx-itm^mgsiz 

t , S@5 5 v h 'J >y ? J; o T < {J'^flMW 
[0030] *%B^iJcOHSfe»ffiT"(i, 7V-y>/ 

-i±<nwmzfoh . - Atia^cT) ft« t g 

m*7)#js»f4, mta ±iicr>mmmmi,z^xmm ttz 

l>C0b®n<?>&&b0 *J3&»6*6. W£», Sffi^y 
77l/*je£&-C*>ixtf . Til 7t- AtmjiHRfc--y 

'J 7* -Atf-JSC^M yrt***V\ T'J 7 * - A 

giftO. l-^2 5 00 5^n>i7)lf$, #^L<(i^ 

2 5~#2 0 0 5 IvyoM^tt-fh, 

[0031 ] M/'J 7 *-A<0f&Sfctf««$:ftS=£ 

ffiffltfts. m-mmx'ii. &m*mbJU yy 
nm.^vm&m:^^- hi.izf-7*** ht 

*. Wi«SS»«B^Srffl^T«eLTr!;7*-A 
t-tl.. «BSiaKttr'J7*-A<^feffljfi, 



[0032] wmmmxa. km®-m®z:<kmmmb 

«. H£T7Xv?m HOVF (SJa^ffeglt) X 

it (pvd) mmxzz,. lA^SC, 3:f#^-h 
zmmmi. im.<n&m7v 

[ 0 0 3 3 ] 7'J 7 * -A £fmr MzW) 

. 'J LTtiiT 

OOtt/^t-All Wesgot^Al li 
e d Signal !±lf Ott ^ S|&7b&» £> TftfiR $ ilT 

-^(C <?>5#rii7*- AJi, <«J^ffM©* 

fD#*$-<f:-c* i 4>s*f^*-r§itrc7°y 7 ^- 

^•ftL^Sl (W^.{fjKB) fc*6jft-C. ±atf>-?>-5ff 
[0034] < (i^^figg]*!io 3 tt7° 7 * -Acr)^ 

1 v - >T-?zm^zmmmizm lts^» 

*$-ii-i>ficr , j7^-A^ffi{ctfs^Jr^-r-i.. tf 
Lfzi><D<D<$fre>miRX'* ^Kru 7 

^■c. t&b ommmi=Fi>±.m^mmmmmn^ 
ithzbtfX'Zh* mmz, titttk^zmi^fttfuzj: 
->x7V7*-j>&m±.w->{tLxi> iv\ . 

[0035] «^t«t^>T«, 7l/7*-A£fl&0ftH- 
li, 7* 'J 7 * -ACI3 tif ft t, L V ^ 

fc t> s>i> . Jtswuv ^7-»j 7 * -ummzm^ xm 
mmmzm^im . wv>t>j 7*- Aii^aii^ 
T-ji^cv ^ , znmnmnz x -> xm^h z. t # j t*£ 

a*s^h±fc. ±^cog«, mtammximk 
( Mi. or aft*«»Jtxiiy^ y r t Mzn 0 ftt* 7 
v-mm) \z.x->xbottZttm$*h. <x^x\ <is 
*mm*&. mt<±&Ltzm<o. r^t-Ait 

ft £ t> o ^7* U 7 * - A ^iJ^'-tttf J: v ^ . 

[0036] 38tt<^fcfea*sw>s^^a5ffik:aLfe* 
S5K*9ttr'j7*-A**.jf h-ri,. 7 y 7 * — A 
&a««S[3af»fc:##$-witf «tv\ witf. <tf^ 

x\tnmmM&®iziixmtzttmzitz>. rvy* 



!( 6) 001-164901 (P200 1 - 1 6U58 



lz&^X$tlklzM%tb ^Witfii.^ SNWJ^ft 
freW*K(c£ttL&il 9 Xh b . 

[0037] mmx'ii. b o M7o y * -Azmmm 
14, 70 7* -a imt&ffikmmx'm&totzmm- 

b iXiTs-y Mg£) .TIG {fv7AT**ft&il 

[0 0 3 8] Sfa^7'y7*-Atf0pa*£K 

(51J$^5 2 5-^165 CCT-ibS. ±f E<7)- •/ TvL-S-g- 
&5 3 ^ 3 tt&ftMJtiftfi 8 0 0 — **| 1 2 6 

0 -cx-h b . n»a»rttH tsi^ftii 0 r »j 7 * - a 
s. n^mm&rc lx . h-frffl^toMt? 

tfoTfciv^L. *<^^ra*Kt6 (Mx.tfM&a&S 

[0039] HtoWBKBTtt. 70 y t-J^it. mz 

*-Ar^#^3fflrcSW;:ti£-tl>. £05%£, 7" 
'J 7 *-Al4£-£5 3tf J: 0 tifiS^BL'St KUJMbS 

[0040] sij^ntuess-ctt. y-ttim 

WHS*. $£SUc^£flDfrri>i. £#6 3tt^m 
ft t T 01 * L , £ cr>m&< i: Stt £ * 

X7 y -imm><4 >r&$A,x't5 y . 
mttfju yyaamt ixmmtb . y-MHt 

*S£ ( Wi. lt:m&t:fF£ffim.'tbWr&?)£ o C ) 
«4, y^Srffifflf tOtfai U\ 

[0041] »»«»4*'ct . r* h y^Hnv^ 

&«^l/y<04 3&M£#T'k. «v^4*k*«jfi 

#t<7>m&w?i>&\,\ <%mm*. %±bom 

14\ A-fy^i; fC^'Jxf-^y^i/K^ar^ 

'j iuo x 3 ^*tt*«tm ( xim%.<7)tt®<m4nt > 

[0 04 23 -ttt^5'J-ifl#< IZZ-M&ffl* t £ 



izte-stbrnz+ftzmx-miRZix. mz&&&*>ott 
m-^4omM%mmu (^6o-9 9aa%) «o< 

ZtibmX'ftG. Mi lix y 0 -Oft 1 - 
2 0fiJ|%-C**. 

[0043] ±m<vmmm.xn. mmk^u&^mg. 
t b t . a!p n p i o tiffiff 1 2 . b o ttmmm<7)~? h y 

^SSr^-f^l brtU'U^, la^-TjiO. fe^ 
1 6 (s© L- T L- 1 l^iJ t X H *) , HR CSffoa 

ffl^awiifi-c^s . ottcDmii-mzmm-? 
hO vrxnzB&i'b. ^mmmx'^o ^mm^ -?h 

0 "/fxmtiz. mttwmmmzii^x&Txim? 

-5) 3 ffffiUsiS^ LT ^=5r < T t> J; < . m« <D^tf tfWtt 
iz&StbJ: 3ClgRWt^^fttTV>TtJ:V\ ; 
<0*&. 3 ffRlifSHi L^S^XJie^S&lX 0 

[0044 ] mmk. m-mmzzti. i3«i 

1 ttio-CBfigSiti r M?l/-^-j ^tfji^ 
4.01 CSrTtWTJi , - -y tJV&k&h 3 tt "7 h 0 v 

nicri 9fi*%, s i i omm.%. mun i ) * 

Ofi^iN i C r A 1 Yfr$>%bl><7)X'fc'>t:. 137(4 

^3ff2r-t-tf^3«/y-yT-7-Wf»§^c. r 
-7"*«tftlfetS*T. 2 10 0° FcO?S«T-3iF^tC 
11*$^. ?47Sr*, (HC 1 ) St^HNO 
3 (Mil) <7H : 1 : l?gt7 OrT3^S4>f^k 

&? h 'J 'v9xir> h'MmzW^ tlbZt iMkft 

tztib. ^bott^mmtrm^zm-ox^bms. 

■CffdCk**^*. 0J;l!£. g<^'J •/H777.hLT 



'(7) 001-164901 (P200 1 -1 61158 



[004 5] MLXtmcvm^nmiZtl&cDT'. <ar 
|fi]± $ ■£ & uOfcftKW S £ f « $ *U . D3 

2 3 £» LTSffi-*-* 7 * 7 V«9Kgtf)ffliliCSBT* 

as mrniza v >t < bvw { 2 ocoiswh;: j: tb?e s 

-eo&ig##< uwswhKxwmx'foh z t z 
mm ix^&. *^<r>mmim< ^ammz-ow 

XttUTX'* 4>CB L < 

[ 0 0 4 6 ] 04 &*/0 5 djjcf a 0 . ftfrli < (J' 
AfDft t mzhh $.X'h h TS .6 24£#LTH6.« 

tte^Hte. < or* 2 1 im Lx^mmxh 0 . ts 

* 2 4 {3 < Q*<D«fl1W+«G*:ffiatr s . - L 
T, @5<0ffiffiJ±TSSg^i2 4&ii-5T<ff*2 1 
t&. ^OfflffflT". M2 0com-^iJra»^T4B*2 4 
2 Ttttf I) Si-Ol&ft 2 5 #Bfi£ £ tl . S 2 0 <DJ|IZ<0 
fflBfiiP 4, T*6 2 4 £ 6 SSZO|g# 2 6 *«H fig $ 

(i, <l$fr2 l^*>^H^CfiE^(6j(C^T. #^ 

[0047] ast^ao. <a:»2iij;tgd*t 
m&dimtxK^m^M^^nmiznm 

tS. ft^T, TOflflldtitil 2 5-154000 
□ fl&Rfcff-Jl 2 5 — 2 0 5 0 $ ? a yo^-^-T' 

<(5'^2 I{±£j75-Hfr20005?n 
y. mtimi 5~~1 000 $L7nycD*-y-cr)&m 

mmt&>* <iz*-£#zmLxwtix~fcX'$>h. tz 

1 0 0 4 8 ] H 5 izmm 2 0 la . < &'*J&J&fBcD&¥ 

mm\zf^x<n^±b o w «»i-ft5ffl«jfeA. <4 -> § 
tfhh. Ea6tc« s <»*»riaa<o2otfDtt ; F*«s:v^fc: 

h-2 8(Cj:oTS3 0*»4»HlT^T^ft. 

7 h-ttHRtc*aafflo* Of-?*-*-*- ffl£fcfcfftfE 



[0049] ±ET**Wfc:iJiHH Lfc*36HJl<03«g»!B 
SI*. H*tt&tfSf8rffctt£ 1> o i o tz-tl Z t tfX't* 

[0050] ^mmmxn. < y 

. »f5»tt^fS]± Ltd?- t'yx.yisyU8,Zmmi$ 

arcttMNRar*. coftsffit-ti, ^^iL<(^e 

A-tl.. lot, *-A'-H3-f ^ y^T-taSKSB 

[005 1 ] Hi©4ji<JiJ5fe0^i6Jg!!lt=retTaBBLfc 

TifttT'2. 0*iS^T%T^^ KJtSr^L. ffl^ 
1. 5*». «ft»l. 2ttTcr>TX<<7hit£^t 
4. ^Bti 1 2 5-^4 0 0 0 s^oycoWil?, fiaj 
t(ff-Jl 2 5-H&2 0 5 0 S^D><7)^--^'-co^felS 

n&tt.mzj:~o'cmmx'£2>. mm. smitfflte&n 
mmzft o m&zffit h-tyz-y tmix-ft wxh . * 
se^-fe 5?7 ?m^z\±T)V \ -t . ^ y ^s^coffl 

[0052] «itfflc7)«M{i, JIM. n«t ^^^W-T 
[0053] ft&gL ^A*}^* LT«H$^I». i>;v^ 

x-%ff a frt>mmM.t. mm. mim&fr^wmzmt 
iz&tp?e>£o%gm<r>-^$:Mi: mm&$te. mm 
nzmz-ktsmzmitoi wmtofrf-rx+v-m 

mt.<r><tt?>-ttLX^Z>. Z(T)7-? 'm-v-mnm® 

u . wm^m^xm^-thmmmBiz-o^x^Ktzm 

*)X'foh. 

[0054] *«B^KU:Oiai3B}BTtt. < {J'^cOT 
OOS^nv, mzg)75~~$)l 000i?ny^- 

commit— mz 2 5 m/ c m 2 tu:T'j> 0 . aw 1 0 0 

m/cm*W±. mil<li5 0 0m/cmtVXkX'h 



'(8) 001-16490 1 (P2O0 1-16U58 



h . h &nmm?<D<®z.%mm 1 1 o o m/ c m 

[ 0 0 5 5 J *ft$OJtffl&Wc J: Sj'-t'yxyyy 
SSfitf) r ? x f - + - Jai(i*«o«ffim £ * § tf) 

-fflii^BSt-T ffiWWn*A/A 0 ttHKfc 
»1 . 0 5fcLL. ilfflttl • 2 OtLtT&S. M«JfjD 
*A/A 0 {lftl. 5 0£LfC*4tf5*«4Hr\ A/ 
A„{±a^4. O^mTfoD. MM&2. 5&ffiX'fo 
6. 

[00 56] ^tftfBBKBHctsvvc . St <«J'^ (PS 

< SXUTaBfcMW I. £ k T\ ^ISSttt?) 

[6]± a- fflliJ-t S d k #>T ? . -e ^J^n^S^ESV' 

[0057] *^aflc0^ti^T*{i. -r?X1-r-ffi<7) 
ray 4 ;USrfiiE5tt<7)^3t^-t .a. J; 9 til^t"^ 

BX'lt. <IS^(D^H6 o o s^oyj^T. 3 
7 5 5 ?oy*»T& >} . 7 4 y^**&#$iti> . 
[0 0 583 x?A^-flalli^a^«&?-t'>x 
y^ygBfttJEfBTts. ffl*.(f. *<7>mtr>&&&&tit, 
bbX. tm^y^i-, JWKSIF-A, MfryhfcK 
!47V-h\ yX;K <-y. MJWBXtti^a^^ K# 

s. ztL^mmmx'H. f-9 x^-tKLzm^h 

mi**). 7V- Kftigfc i/ a 7*7 Fffi^cT)^ 9 77 
yx£«4> LT3W*»W>S Z t &X'% %> . 
to^Ko^TflffifflifettfcJi** k . *-y<-n a 

[0059J _h3zBcoii 0 . <%mz-mzj v try y 

fr£Stt£iT£C:kfc4^Tfif;fc;ft.6. 3rfc, > ytf 
yiS^yhfttiitfftmcom L^wmx'tefo&ifi. ft® 
mmiT?zj-*-mizttixm«%ft!g.x'i!3xxj; 



t\ it:. {§%imm3. : m&i.z^x'$ ) 6fi\ *^offi«o 

SEfra^&S .Ik 

[0060 3 ii*^J:3i:. t9 Xj-*-m%®mtl 

3SDCJ:*4:^^36<**^i:S)|SfS*l6. x?7,t^-®" 
(4, ft^fr^SSft^ttS-^S (W£tfJKSa»<b*ffi 

[00 6 1 3 *»IWtli 7 

-y) <?>m%&<®fr/mk<mwLif*imx'hh. 9- 
t* > x y y >-a5 n a D c7)f - ^ ^f-^r - ffi«±ntfc L3t*ffi« t 

y oS§go^(c J: o T»l£Ji3& t § ^> Sits . 

[006 2 3 *%p%<7)Mi L^mmmizMLximi 

[0®Ofgf#'SriKBJ3 

[013 01(4. x./^y^BJfiuO^-t'yxyy 
yteo^ffi^ S E M MMMMK X'fo h . 
[02 3 02i±. Iyf^/tW^-tVxyy'yS 

[03 3 03(4. 01{C^L-^affi«7)X-y^y^a 

m<7) s e mmm%^-%xh h . 

[043 04(4. 02O^ffi<OX-yf-y^c?DBrffi*: 

[053 05(4, 04<7)t£±fflrtS0T'$)l.. 
[063 06(4, 04O8d<^fcMBrB50TJ54. 

[ftWSBJfJ 

1 0 ^-t"yxy>>yg|5B D D 
12 Sft 

14 7f'J 7 ?Xffl 

1 6 

20 » 

21 <ar* 

2 4 t«* 

2 5 

2 6 8Z«# 

2 8 7'7h- 

30 « 



'(9) 001-164901 (P200 1-1 6U5S 



[01 ] 



[02] 




[03] 





20 



[04] 



10 



j K 




[05] 





(51) Int. CI.? mS'Jie^- 
F 0 2 C 7/00 



F I 

F 0 2 C 7/00 



T-TJ-K (##) 



c 

D 



(72)||BM * : Jl* • 73/77 

A'|/yy7- n-K, 1532S 



■ 7\ 308# 

(72)^M f-y-/N a y • y- 

i . 3-v?-:f • A-f yX, 12S 



BEST AVAILABLE COPY 



(&0) )01-1 64901 (P200 1-1 6U58 

1. Title of Invention 

TURBINE ENGINE COMPONENT HAVING ENHANCED HEAT TRANSFER 
CHARACTERISTICS AND METHOD FOR FORMING SAME 

2* Claims 

1 . A turbine engine component having a surface that contains a plurality of 
depressions, each depression having a concave contour. 

2. The turbine engine component of claim 1, wherein each depression has a 
top ridge and a bottom-point, each depression having a first line segment 
extending from a first side of the ridge to the bottom-point and a second line 
segment extending from a second side of the ridge to the bottom point in a 
plane extending through the bottom point, each of the first line segment and 
the second line segment being concave. 

3. The turbine engine component of claim 1 , wherein the turbine engine 
component comprises a substrate formed of a base material, and an overlay 
coating, the plurality of depressions being formed in the overlay coating. 

4. The turbine engine component of claim 1 , wherein the turbine engine 
component comprises a substrate formed of a base material, and the 
depressions are formed in the base material. 

5. A turbine engine airfoil, comprising: 

a substrate having an inner cavity defined by an inner surface, said 
inner surface having a plurality of depressions, each depression having a 
concave contour and an average diameter within a range of about 125 to 
about 2050 microns. 



(& 1 ) )0 1-1 6490 1 (P2O01-16U58 



6. A method for forming a turbine engine component, comprising the steps 
of: 

providing a substrate comprised of a nickel-based or a cobaft-based 
superalloy; 

applying a layer on the substrate, said layer comprising a matrix phase 
and a discrete particulate phase comprising particles having an aspect ratio of 
not greater than 1.5; 

heating the substrate to fuse the discrete particulate phase to the 
substrate; and 

removing the discrete particulate phase, leaving behind a plurality of 
depressions in the matrix phase. 

7. A method of forming an airfoil, comprising the steps of: 

providing a mold having an inner core and an outer shell, the inner 
core having a plurality of protrusions along an outer surface portion thereof, 
the protrusions having an average height within a range of about 125 microns 
to about 4000 microns; 

injecting a molten alloy into the mold; 
cooling the alloy to form the airfoil; and 

removing the mold, the airfoil having an inner surface having a texture 
that is complementary to the outer surface of the inner core. 
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3. Detailed Description of Invention 

BACKGROUND OF THE INVENTION 

The invention relates to components used in turbine engines. More 
particularly, the invention is directed to a turbine engine component that has a 
treated surface to enhance the heat transfer characteristics of the component, 
and methods forming such a component. 

Various techniques have been devised to maintain the temperature of 
turbine engine components below critical levels. As an example, coolant air 
from the engine compressor is often directed through the component, along 
one or more component surfaces. Such flow is understood in the art as 
"backside airflow," where coolant air is directed at a surface of an engine 
component that is not directly exposed to high temperature gases from 
combustion. In combination with backside air flow, turbulation has been used 
to enhance heat transfer. Turbulation has generally taken the form of 
protuberances or "bumps" on selected sections of the surface of the 
component, which functions to increase the heat transfer with the use of a 
coolant medium that is passed along the surface. Turbulation is formed by 
one of several techniques, including wire spraying and casting. 

While turbulation has been found to improve the heat transfer 
characteristics of the treated component, further heat transfer improvements 
are continually sought in the art. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention, a turbine engine component 
is provided that has a surface that contains a plurality of depressions that are 
effective to increase the surface area of the component. The depressions are 
generally concave in contour. 
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Another aspect of the invention calls for a method for forming a turbine 
engine component, including the steps of providing a substrate; applying a 
layer on the substrate, which includes a matrix phase and a discrete 
particulate phase; and then removing the discrete particulate phase. By 
removal of the discrete particulate phase, a plurality of depressions are left 
behind in the matrix phase. 

Still another aspect of the present invention calls for a method of 
forming a turbine engine component including the steps of providing a mold 
having a plurality of protrusions along a surface portion thereof, the 
protrusions forming a textured surface; injecting a molten alloy into the mold; 
cooling the molten alloy to form a turbine engine component; and removing 
the mold. The turbine engine component following removal of the mold has a 
textured surface that is complementary to the textured surface of the mold. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention utilize any material, including 
elemental metals, alloys, ceramics, composites, but generally take advantage 
of heat-resistant alloys designed for high-temperature environments, such as 
above 1000 °C. As defined herein, "metal-based" refers to substrates that 
are primarily formed of metal or metal alloys. Some heat-resistant alloys are 
"superalloys" including cobalt-based, nickel-based, and iron-based alloys. In 
one embodiment, the superalloy is nickel- or cobalt-based, wherein nickel or 
cobalt is the single greatest element by weight. Illustrative nickel-based alloys 
include at least about 40 wt% nickel (Ni), and at least one component from 
the group consisting of cobalt, chromium, aluminum, tungsten, molybdenum, 
titanium, and iron. Examples of nickel-based superalloys are designated by 
the trade names Inconel®, Nimonic®, Rene® (e.g., Rene®80-, Rene®95 
alloys), and Udimet®. Illustrative cobalt-based alloys include at least about 30 
wt% cobalt (Co), and at least one component from the group consisting of 
nickel, chromium, aluminum, tungsten, molybdenum, titanium, and iron. 
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Examples of cobalt-based superalloys are designated by the trade names 
Haynes®, Nozzaloy®, Stellite® and Ultimet®. 

While the type of substrate can vary widely, it is often in the form of a 
turbine engine part formed of a superalloy, such as a combustor liner, 
combustor dome, bucket or blade, nozzle or vane, or airfoil. Other substrates 
are turbine parts that are not in the high-pressure stage of the turbine engine, 
such as in shroud clearance control areas, including flanges, casings, and 
rings. Such parts may not be formed of a superalloy in view of lower 
temperature environments to which the components are exposed. Typical 
alloys for such components include inconel® 718, Inconel® 900 series, and 
Waspaloy®. 

According to embodiments of the present invention, a surface of a 
substrate, particularly a turbine engine component, is treated or otherwise 
formed to include a plurality of depressions, each depression having a 
concave contour. The depressions are discrete, where individual depressions 
are separated from each other by interconnected ridges. For example, the 
treated surface of the component resembles "moon craters,* described in 
more detail below. In the case of an airfoil, for example, the depressions 
forming a moon crater-like textured surface is provided along an interior 
surface which defines an inner cavity. Coolant air flow is provided along this 
interior surface, to provide backside cooling. 

In one embodiment, treatment of the surface is carried out by use of an 
overlay coating. The overlay coating may be in the form of a free-standing 
sheet, such as in the case of a brazing sheet, as well as a slurry. The overlay 
coating contains a discrete, depression-producing phase and a matrix phase 
material such as a braze alloy. 
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In one embodiment of the invention, the brazing sheet is a green braze 
tape. Such tapes are commercially available. The green braze tape is 
formed from a slurry of a braze alloy, generally in the form of a braze alloy 
powder and binder in a liquid medium such as water or an organic liquid. The 
liquid medium may function as a solvent for the binder. 

The composition of the braze alloy is generally nickel-based or cobatt- 
based. Nickel- or cobalt-based compositions generally denote compositions 
wherein nickel or cobalt is the single greatest element in the composition by 
weight percentage. The braze alloy composition may also contain silicon, 
boron, phosphorous or combinations thereof, which serve as melting point 
suppressants. It is noted that other types of braze alloys can be used, such 
as precious metal compositions containing silver, gold, or palladium, mixtures 
thereof, in combination with other metals, such as copper, manganese, nickel, 
chrome, silicon, and boron. Mixtures that include at least one of the braze 
alloy elements are also possible. Exemplary braze alloys have the following 
nominal compositions, by weight percent: 2.9 boron, 92.6 nickel, 4.5 tin; 3.0 
boron, 7.0 chromium, 3.0 iron, 83.0 nickel, and 4.0 silicon; 19.0 chromium, 
71 .0 nickel, and 10.0 silicon; 1.8 boron, 94.7 nickel, and 3.5 silicon. 

A variety of materials are generally used as binders in the slurry for 
forming the green braze tape. Non-limiting examples include water-based 
organic materials, such as polyethylene oxide and various acrylics. Solvent- 
based binders can also be used. Additional organic solvents (e.g., acetone, 
toluene, or various xylenes) or water may be added to the slurry to adjust 
viscosity. 

The slurry is usually tape cast onto a removable support sheet, such 
as a plastic sheet formed of a material such as Mylar®. A doctor-blade 
apparatus is generally used for tape-casting. Substantially all of the volatile 
material in the slurry is then allowed to evaporate. The resulting braze alloy 
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tape usually has a thickness in a range of about 1 micron to about 250 
microns, and preferably, in a range of about 25 microns to about 125 microns. 

Braze tapes containing the above-mentioned braze alloy and binder 
are commercially available. An example of a commercial product is the 
Amdry line of braze tapes, available from Sulzer Metco. An exemplary grade 
isAmdry®100. 

The depression-producing phase that is applied to the green braze 
tape is typically a coarse powder, being formed of particles having a size 
sufficient to form defined ridges and depressions that function to increase 
heat transfer of the treated component In many embodimants, the size of 
the particles is determined in large part by the .desired degree of surface 
roughness and surface area (and consequently, heat transfer) that will be 
provided by the ridges and depressions. Surface roughness is characterized 
herein by the centeriine average roughness value 'Ra', as well as the 
average peak-to-valley distance "Rz" in a designated area as measured by 
optical profilometry. According to an embodiment, Ra is greater than about 
0,1 mils, such as greater than about 1 .0 mils, and preferably greater than 
about 2.0 mils. Ra is typically less than about 25 mils, more typically less than 
about 10 mils. Similarly, according to an embodiment, Rz is greater than 
about 1 mil, such as greater than about 5 mils. Rz is typically less than about 
50 mils, more typically less than about 25 mils. 

In one embodiment, the particles of the depression-producing powder 
are generally spherical, typically having an average aspect ratio of not greater 
than 2.0, desirably not greater than 1 .5. In one embodiment the particles 
have an average aspect ratio not greater than about 1.2. The average size of 
the depression-producing powder particles is generally in the range of about 
125 to about 4000 microns, such as about 1 50 to about 2050 microns. In a 
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preferred embodiment, the average size of the powder particles is in the 
range of about 180 microns to about 600 microns. 

The depression-producing material is formed of any material that may 
be selectively removed from the matrix phase material. Preferably, the 
particulate material does not react with the matrix material at elevated 
temperatures used for bonding the matrix material to the substrate. For 
example, the material may be metallic, such as nickel-chrome-aluminum-yttria 
alloys (NiCrAlY), which can be selectively removed from the braze alloy matrix 
by etching in an acid bath. Ceramic material may also be used, which may 
provide even more selectivity. For example, in one embodiment, alumina 
particles are utilized, which may be etched selectively from a braze alloy 
matrix with various oxidizing acids, such as hydrochloric acid. In low 
temperature applications, where the matrix phase is formed of a solder or 
high-temperature epoxy, plastics in particulate foim can be used. 

The powder can be randomly applied by a variety of techniques, such 
as sprinkling, pouring, blowing, roll-depositing, and the like. The choice of 
deposition technique will depend in part on the desired arrangement of 
powder particles, to provide the desired pattern of ridges and depressions. 
As an example, metered portions of the powder are sprinkled onto the tape 
surface through a sieve in those instances where the desired pattern-density 
of the depressions is relatively low. 

Usually, an adhesive is applied to the surface of the green braze tape 
prior to the application of the depression-producing powder thereon. Any 
braze adhesive can be used, so long as it is capable of completely volatilizing 
during the subsequent fusing step. Illustrative examples of adhesives include 
polyethylene oxide and acrylic materials. Commercial examples of braze 
adhesives include "4B Bra2e Binder", available from Cotronics Corporation. 
The adhesive can be applied by various techniques. For example, liquid-like 
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adhesives can be sprayed or coated onto the surface. A thin mat or film with 
double-sided adhesion could alternatively be used, such as 3M Company's 
467 Adhesive Tape. 

In one embodiment, prior to being brazed, the powder particles are 
shifted on the tape surface to provide the desired alignment that would be 
most suitable for heat transfer. For example, acicular particles having an 
elongated shape (e.g., aspect ratio greater than 2.0) may be physically 
aligned so that their longest dimension extends substantially perpendicular to 
the surface of the brazing sheet contacting the substrate. The alignment of 
the powder may be carried out by various other techniques as well. For 
example, physical, magnetic or electrostatic methods may be used to achieve 
the desired orientation. In yet another embodiment, individual particles or 
clusters of particles are coated with braze alloy, and such coated particles are 
placed on an adhesive sheet for application to a substrate. The adhesive 
sheet can be formed of any suitable adhesive, provided that it is substantially 
completely bumed-out during the fusing operation. Suitable adhesives are 
discussed above. 

In some embodiments, the depression-producing powder is patterned 
on the surface of the brazing sheet. Various techniques exist for patterning. 
In one embodiment, the braze alloy powder is applied to the substrate surface 
through a screen, by a screen printing technique. The screen has apertures 
of a pre-selected size and arrangement, depending on the desired shape and 
size of the protuberances. Alternatively, the braze adhesive is applied 
through the screen and onto the sheet Removal of the screen results in a 
patterned adhesive layer. When the braze alloy powder is applied to the 
sheet, it will adhere to the areas that contain the adhesive. By use of a 
screen, a pattern may be defined having a plurality of "clusters" of particles, 
wherein the clusters are generally spaced apart from each other by a pitch 
corresponding to the spacing of the openings in the screen. The excess 
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powder can easily be removed, leaving the desired pattern of particles. As 
another alternative, a "cookie cutter* technique may be employed, wherein 
the braze tape is first cut to define a desired depression-producing pattern, 
followed by removal of the excess braze tape. The depression-producing 
powder can then be applied to the patterned tape. In yet another 
embodiment particles of the depression-producing material are coated with 
braze alloy, and the coated particles are adhered onto an adhesive sheet that 
volatilizes during the fusing step. Here, the adhesive sheet provides a simple 
means for attachment of the depression-producing material to the substrate 
prior to fusing, but generally plays no role in the final, fused article. 

In another embodiment, the depression-producing powder is mixed 
with the other components of the green braze.tape, such as braze alloy 
powder, binder and solvent, during formation of the green braze tape, rather 
than providing the depression-producing powder on a surface of the already 
formed tape. The depression-producing powder in turn forms a dispersed 
particulate phase within the green braze tape. 

The removable support sheet, such as Mylar® backing is then 
detached from the green braze tape. The tape is then attached to a portion of 
the component-substrate where enhanced heat transfer is desired. As an 
example, an adhesive may be employed. Any adhesive suitable for attaching 
the tape to the substrate material would be suitable, provided that it 
completely volatilizes during the fusing step. 

Another simple means of attachment is used in some embodiments. 
The green braze tape can be placed on a selected portion of the substrate, 
and then contacted with a solvent that partially dissolves and plasticizes the 
binder, causing the tape to conform and adhere to the substrate surface. As 
an example, toluene, acetone or another organic solvent could be sprayed or 
brushed onto the braze tape after the tape is placed on the substrate. 
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Following application of the green braze tape to the substrate, the tape 
is fused to the substrate. The fusing step can be carried out by various 
techniques, such as brazing and welding. Generally, fusing is carried out by 
brazing, which includes any method of joining metals with a filler metal or 
alloy without any substantial attendant melting of the base material of the 
substrate. Brazing temperatures depend in part on the type of braze alloy 
used, and are typically in the range of about 525°C to about 1650°C. In the 
case of nickel-based braze alloys, braze temperatures are usually in the 
range of about 800°C to about 1260°C. 

When possible, brazing is often carried out in a vacuum furnace. The 
amount of vacuum will depend in part on the composition of the braze alloy. 
Usually, the vacuum will be in the range of about 10" 1 torr to about 10"* torr, 
achieved by evacuating ambient air from a vacuum chamber to the desired 
level. 

In the case of a brazing sheet being applied to an area which does not 
lend itself to the use of a furnace, such as when the component itself is too 
large to be inserted into a furnace or in situ repair, a torch or other localized 
heating means is generally used. For example, a torch with an argon cover 
shield or flux is directed at the brazing surface. Specific, illustrative types of 
heating techniques for this purpose include the use of gas welding torches 
(e.g., oxy-acetylene, oxy-hydrogen, air-acetylene, air-hydrogen); RF (radio 
frequency) welding; TIG (tungsten inert-gas) welding; electron-beam welding; 
resistance welding; and the use of IR (infra-red) lamps. 

The fusing step fuses the brazing sheet to the substrate. When the 
braze material cools, it forms a metallurgical bond at the surface of the 
substrate, with the depression-producing material mechanically retained by 
the solidified braze matrix material. 
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In another embodiment of the invention, the brazing sheet is in the 
form of a metal preform having first and second surfaces. The preform is 
formed of a metallic material similar to that of the substrat , such as a braze 
alloy like that described for the previous embodiment. Thus, if the substrate 
is a nickel-based superalloy, the preform material is generally a nickel-based 
superalloy. Other braze alloy compositions may also be suitable, such as 
those comprising cobaft or iron; or the precious metal compositions described 
previously. The braze alloy composition typically contains silicon, boron, or 
combinations thereof, which serve as melting point suppressants. However, 
unlike a green braze tape, the metal preform generally does not contain a 
binder since the preform is in densified form. The preform usually has a 
thickness of about 0.1 micron to about 2500 microns, and preferably, about 
25 microns to about 200 microns. 

Various techniques can be used to make the metal preform. In the first 
technique, a mixture of metallic powder material and binder is tape-cast onto 
a removable support sheet. The support sheet is removed, and the remaining 
green sheet is then sintered to form the preform, e.g., by using a vacuum heat 
treatment. The sintering temperature is dependent on various factors, such 
as the composition of the alloy of the preform, the size of the powder 
particles, and the desired density of the preform. This process is typically 
called a "tape-cast pre-form* technique. 

According to another technique, a metallic powder material is 
deposited onto a support sheet as a thin layer of metaf. Various thermal 
spray techniques are usually used for the deposition, such as vacuum plasma 
deposition, HVOF (high velocity oxy-fuel), or air plasma (AP) spray. Other 
deposition techniques could be employed as well, e.g., sputtering or physical 
vapor deposition (PVD). The support sheet is then removed, leaving the 
desired metal preform. 
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Yet another technique for making the preform is sometimes referred to 
as an amorphous metal ribbon technique. In this process, the metallic 
powder material is melted, and the molten material is poured onto a high- 
speed roller that very rapidly quenches the molten material. The quenched 
material is ejected from the roller as a ribbon. Braze preforms are 
commercially available from various sources, such as Wesgo and Allied 
Signal Company. In general, the braze preform differs from the green braze 
tape described above in that the preform is in a densified form (e.g., sintered) 
before application of the depression-producing powder and subsequent fusing 
to a substrate. 

The depression-producing powder is applied to a surface of the braze 
preform. The powder generally has the same characteristics as the powder 
described for the previously described embodiment incorporating a green 
braze tape. Usually, an adhesive is applied to the surface of the preform, 
prior to the application of the depression-producing powder. The adhesive 
can be selected from those described previously, provided that it adheres to 
the metallic preform and it completely volatilizes during the subsequent fusing 
step. Illustrative adhesives are those that were described previously, e.g., 
polyethylene oxide and various acrylics. The braze alloy powder particles can 
also be shifted and aligned as described above, based on the required heat 
transfer characteristics for the substrate surface. Similarly, the powder 
particles can also be patterned on the surface of the preform by various 
techniques. 

In some instances, the substrate surface to which the preform will be 
attached is curved. In such a case, it may be desirable to provide the preform 
with an identical curvature. Relatively thin preforms may be easily bent to 
match the curvature of a substrate. Preforms of greater thickness usually are 
not flexible, but can be shaped by other techniques. As an example, a 
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removable support sheet is employed during fabrication, which sheet has the 
desired curvature of the substrate. The braze material is then deposited on 
the support sheet by the techniques described previously, e.g., thermal 
spraying or casting (for example, liquid metallic casting without a binder, or 
powder-slurry casting with a binder). The depression-producing powder can 
then be deposited on the preform, as also described previously. The preform 
. which has the desired curvature can then be detached from the support 
sheet. 

The braze preform is cut to a size appropriate for the site on the 
substrate where enhanced heat transfer is to be provided. The preform can 
then be attached to that portion of the substrate. As an example, the surface 
opposite thai which is coated with the depression-producing powder is 
attached to the substrate with an adhesive sheet or adhesive composition. 
Any adhesive suitable for attaching the preform to the substrate metal should 
be suitable, as long as it completely volatilizes during the fusing step. 
Illustrative adhesives are those that were described previously. 

Alternatively, the braze preform is attached by mechanical means. In 
some preferred embodiments, the preform is locally welded to the substrate 
surface at a few locations (spot welding). A variety of heating techniques 
could be employed, such as TIG (tungsten inert-gas) welding, resistance 
welding, gas welding (e.g., with a torch), RF welding, electron-beam welding, 
and IR lamp methods. 

Fusing of the preform to the substrate can then be undertaken as 
described previously, with brazing often being used for this step. Brazing 
temperatures will again depend in part on the type of braze alloy used for the 
preform, and are typically in the range of about 525°C to about 1650°C. In 
the case of nickel-based braze alloys as described above, braze 
temperatures are usually in the range of about 800°C to about 1260°C. The 
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fusing step fuses the preform to the substrate, as described previously, and 
may be carried out in a vacuum furnace. Alternatively, brazing may be 
accomplished through use of a torch or other heating technique (e.g., the 
welding techniques mentioned above) can be used for fusing the preform to 
the substrate, as an alternative to the vacuum furnace. 

In an alternative embodiment, the preform comprises an alloy, pre- 
textured by removal of a particulate phase to form depressions as described 
above, which preform is bonded to the substrate by a braze alloy layer. In 
this case, the preform is formed of an alloy having a higher melting or 
softening point than the braze alloy, and the preform is a free standing sheet 
already having the desired texture. 

According to another embodiment, the substrate is coated with a layer 
of material in slurry form. That is, in contrast to the embodiments described 
above, a brazing sheet (in the form of a green braze tape or brazing preform) 
is not used. Rather, a slurry containing a liquid medium, braze alloy powder, 
and depression-producing powder is directly applied to a surface of the 
substrate. The slurry is dried, and then the coated substrate is heated such 
that the braze alloy softens to form a film that bonds the depression- 
producing powder to the substrate. The slurry typically contains a binder, and 
the liquid medium functions as a solvent for the binder. Use of a binder is 
desirable in cases where handling of the component is necessary after drying 
of the slurry and before fusing, such as transporting the coated component to 
a furnace. 

The liquid medium may be water, an organic component such as 
acetone, toluene, or various xylenes, or mixtures of water and an organic 
component. The depression-producing powder, braze alloy powder, and 
binder may be formed of materials described above. By way of example, 
binders include water-based organic materials (or combinations of materials), 
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such as polyethylene oxide and various acrylics. Non-aqueous solvent-bas d 
binders can also be used. 

The slurry itself generally contains depression-producing powder, 
braze alloy, and binder. The amount of braze alloy is chosen relative to the 
depression-producing powder in an amount sufficient to bond the particles of 
the depression-producing powder to the substrate, such as about 1 to 40 wt% 
braze alloy and the balance {about 60 to 99 wt%) depression-producing 
powder. The amount of binder is generally present in an amount to ensure 
sufficient green strength for handling while minimizing the volume of binder 
burnout, such as about 1 to 20 wt% of the slurry. 

In the embodiments described above, the structure of the component 
after-fusing includes a solidified braze alloy film that forms a portion of the 
outer surface of the component, and protuberances that extend beyond that 
surface. In reference to FIGS. 1 and 2, component 10 includes a substrate 
12, matrix phase 14 in the form of a braze film, and particles 16 embedded in 
the matrix phase 14 to form protuberances. As shown, the particles 16 are 
generally arranged in a monolayer, which generally has little or no stacking of 
particles. Thus, after fusing, the treated component has an outer surface 
defined by the film of braze alloy, which has a particulate phase embedded 
therein. The film of braze alloy generally forms a continuous matrix phase. As 
used herein, "continuous" matrix phase denotes an interconnected film along 
the treated region of the substrate, between particles or clusters of particles. 
Alternatively, the film of braze alloy may not be continuous, but rather, be only 
locally present to bond individual particles to the substrate. In this case, the 
film of braze alloy is present in the form of localized fillets, surrounding 
discrete particles or clusters of particles. In either case, thin portions of the 
film may extend so as to coat or partially coat particles of the depression- 
producing powder. 
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Following fusing, the particulate* phase is r moved to leave behind the 
structure shown in the micrograph of FIG. 3, and illustrated in FIG. 4. As 
shown, the component now has a "moon-crater" like structure, defined by 
overlay coating 23 having ridges 20 that form an interconnected network, and 
discrete depressions 21. Typically, the overlay coating is fanned of a single, 
homogeneous phase, as in the case of solidified braze alloy. In the example 
shown in FIG, 1 , the particulates were formed of NiCrAlY, in a nickel-base 
braze alloy matrix (19 wt% Cr, 10 wt% Si, balance Ni). The particulates were 
had a -50 to «t-80 mesh size, and were adhered to a green bra2e tape 
containing the above braze alloy. The tape was adhered to a substrate, and 
fused in place at a temperature of 2100 °F. The particulates were removed 
by exposure of the particulates to a 1 :1 :1 bath of water, hydrochloric acid 
(HCJ), and HN0 3 (nitric acid) for a duration of 3 hours at 70°C. As described 
above, other particulate/etchant systems can be utilized, provided that the 
particulates do not adversely react with the material of the matrix phase 
during fusing and that the particulates are removed selectively from the 
matrix. In cases where a thin film of the braze alloy covers the particulates, it 
is generally desirable to remove the layer such that the particles are directly 
exposed to the etchant. Such removal can be carried out by various means, 
including light grit blasting and brief exposure to an etchant to remove the 
film. 

The depressions 21 have a concave contour, due to removal of 
generally spherical particles. It Is expected that this contour shall be 
particularly effective at increasing the heat transfer of the treated component. 
The concave contour increases surface area with minimal added mass, which 
is important to reduce the heat conduction path length, the path length of 
phonons that propagate through the overlay coating 23. As used herein, the 
term "concave" as used in connection with the depressions according to 
embodiments of the present invention, means that in a cross-section 
extending through the bottom point of the depression, the depression is 
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bounded by two line segments, each of which is concave asvi w d from an 
exterior of the depression. Concavity of a depression according to an 
embodiment of the present invention is described in more detail below. 

As shown in FIGs. 4 and 5, each depression has a bottom point 24, 
which is the bottom-most point of the depression. In the case of spherical 
particulates, the depressions 21 are generally hemispherical, and the bottom 
point 24 is located at the geometric center of the depression. In this regard, 
the cross-section of FIG. 5 is taken through the bottom point 24, and bisects 
the depression 21. In that cross-section, a first line segment 25 is defined, 
extending from a first side of ridge 20 to bottom point 24, and a second line 
segment 26, extending from a second side of ridge 20 to bottom point 24. As 
illustrated, each of the first and second line segments 25 and 26 is concave 
as viewed from an exterior of the depression 21, along a direction normal to 
the line segment. In this particular embodiment, the entirety of each line 
segment along its length is concave; each line segment has no convex 
portions. 

As illustrated in FIG. 5, depression 21 has a diameter d. The diameter 
d generally corresponds to the size of the particulates of the depression- 
producing phase. Accordingly, the average diameter d is on the order of 
about 125 to about 4000 microns, such as about 125 to 2050 microns. 
Further, the depression 21 has a radius of curvature on the order of about 75 
to about 2000 microns, such as about 75 to 1000 microns. The radius of 
curvature shown in the drawings is generally constant through the entirety of 
the depression due to the hemispherical contour of the depression. However, 
the radius of curvature need not be constant, such as is the case when non- 
spherical particles are used to form the depressions. Generally, non- 
hemispherical depressions have a radius of curvature at several points along 
the depression that fall within the values stated above. 
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The ridge 20 shown in FIG. 5 fdrms a defined peak due to wetting 
action of the braze alloy along the outer surface of a particle of the 
depression-producing phase. However, the ridges need not be sharp, as 
shown in FIG. 6. Rounding of the ridge can be due to various factors, 
including a low degree of wetting of the matrix phase to the depression- 
producing phase during fusing, or erosion of the ridge by action of the etchant 
during the etch treatment. Also shown in FIG. 6 is a case where two particles 
of the depression-producing phase did not touch or closely pack together. 
Here, ridge 20, defining the rim of one depression, is separated from ridge 30 
by a plateau 28. Such plateaus are generally present throughout the treated 
or textured surface, and form an interconnected network of ridges. 

According to embodiments of the present invention described in 
particular detail above, a textured surface, having visible depressions, is 
formed in an overlay layer. By use of an overlay layer, the material of the 
layer may be chosen to enhance certain properties of the component. For 
example, the overlay layer may have desirable thermal conductivity, corrosion 
resistance, and oxidation resistance. 

In an alternative embodiment, a turbine engine component having 
enhanced heat transfer is made directly during the casting operation, rather 
than by using the subtractive method described above, where a depression- 
producing phase is selectively removed from a matrix phase. In this 
alternative embodiment, molten alloy is injected into a mold which has an 
inner surface that is textured with bumps or protuberances. Accordingly, the 
base material of the component forms the texturing rather than an overlay 
coating. Suitable molten alloys include those mentioned above, such as 
cobalt- or nickel-based superalloys. 

The protuberances typically have the same characteristics as the 
particulate phase described above with respect to the prior embodiment. In 
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one form, the protuberances are generally spherical, having an average 
aspect ratio less than 2.0, typically less than about 1 .5, and more particularly, 
not greater than about 1 .2. The protuberances have an average height on 
the order 125 to about 4000 microns, such as about 125 to about 2050 
microns. The mold may be manufactured by one of various techniques used 
in the art, such as what is known as the "lost wax process/ Typically, the 
mold is formed of a ceramic materia! to withstand the high temperatures 
generally associated with casting a molten alloy. Typical ceramic materials 
include alumina, silica, and combinations thereof . 

Molds for casting typically have an outer shell and an inner core. In 
cases where the textured surface is along an interior of a part, such as an 
inner surface defining an internal cavity, an outer surface of the inner core is 
textured with the protuberances or bumps as described above. A typical 
example of such a component is a turbine blade which receives backside 
coolant flow. 

Following casting, the aJloy is allowed to cool and solidify. The mold is 
then separated from the component. Typically, a portion of the mold, such as 
the inner core, is destroyed in order to separate the mold from the cast 
component. The cast component has a textured surface that mimics or is 
complementary to the protuberance-containing surface of the mold. That is, 
the cast component has a plurality of recesses that are complementary to the 
protuberances of the mold. The geometrical characteristics of the textured 
surface, including contour, size, and shape of the recesses and ridges are as 
stated above for the embodiment formed using subtractive techniques. 

According to the foregoing embodiments of the invention, the average 
depth of the depressions as measured from the ridge to the bottom point is on 
order of about 75 microns to about 2000 microns, particularly about 75 
microns to about 1000 microns. In addition, according to embodiments of the 



(SO) )0 1-1 64 90 1 (P2 00 1 -1 6U58 

present invention, the density of depressions generally is at least 25 
depressions/cm 2 , typically not less than 100 depressions/cm 2 , and desirably 
not less than 500 depressions/cm 2 In one embodiment, the depression 
density was about 1 100 depressions/cm 2 , and another 3100 
depressions/cm 2 . 

The texturing of the turbine engine components according to 
embodiments of the present invention is effective to increase surface area of 
the substrate. For example, area enhancement A/Ao, where A is the surface 
area of the treated region of the component and A 0 is the surface area of the 
same region of the component in untreated form (generally a smooth 
surface), is generally at least about 1.05, typically at least about 1 .20. Area 
enhancement A/Ao is desirably at least about 1 .50. A/Ao is generally less than 
about 4.0, typically less than about 2.5. 

In most embodiments, the textured surface containing ridges and 
depressions or recesses is present to enhance the heat transfer 
characteristics for the underlying component. The enhanced heat transfer 
characteristics in turn result in a desirable temperature reduction for specified 
regions of the component, leading to a desirable reduction in thermal stress. 
Moreover, by tailoring the size and spacing of the depressions, the heat 
transfer enhancement can also be adjusted, which in turn results in a 
reduction in the thermal and stress gradients for the component. 

According to embodiments of the present invention, by reducing the 
profile of the textured surface over conventional cast turbulators, pressure 
drop of the coolant medium flow across the cooled surface is reduced and the 
fin cooling efficiency is improved. For example, in one embodiment, the 
depth of the depressions is not greater than 600 microns, more particularly, 
less than about 375 microns to improve fin efficiency. 
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Texturing can be applied to a wide variety of turbine engine 
components. For example, other superalloy components including combustor 
liners, combustor domes, buckets or blades, nozzles, vanes, airfoils, or 
shrouds. Non-superalloy components used in lower temperature applications 
may also be treated. For example, shroud clearance control areas, including 
flanges, casings, and rings may be advantageously treated. In these 
embodiments, use of texturing permits more accurate control of the diameter 
of the flowpath shroud, thereby decreasing the clearance between the blade 
tip and shroud surface and increasing efficiency. In view of the lower 
temperature requirements for the materials of such components, in the case 
of an overlay coating, the braze alloy may be replaced with another bonding 
agent such as a high temperature epoxy or solder, for example. 

As descrfoed above, cooling is generally carried out by impingement 
cooling, that is, with a coolant medium that is directed perpendicularly against 
a component used in a high temperature environment* It should be 
understood that while impingement cooling represents a preferable form of 
cooling, the coolant medium can be directed at varying angles with respect to 
the textured surface. In addition, while the coolant medium is usually air, it 
could also be composed of other fluids such as water. 

As described above, a textured surface is cast-in or provided in the 
form of an overlay coating to improve heat transfer. The increase in heat 
transfer is believed to be largely due to the increased surface area of the 
treated component. The textured surface may also increase heat transfer by 
modifying the coolant medium flow characteristics, such as from laminar flow 
to turbulated flow along the surface. 
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According to embodiments of the present invention, methods are 
provided that permit texturing of surfaces that are not easily accessible, to 
provide improved heat transf r. Further, embodiments of the present 
invention enable formation of a depression/ridge system of varying sizes and 
geometries, and in patterns, if desired. Because the textured surface on the 
turbine engine component has increased surface area and minimal material 
mass, heat transfer is further improved by reducing phonon path length 
through the component. 

Having described preferred embodiments of the present invention, 
alternative embodiments may become apparent to those skilled in the art 
without departing from the spirit of this invention. Accordingly, H is 
understood that the scope of this invention is to be limited only by the 

claims. 

4. Brief Description of Drawings 

FIG. 1 is an SEM micrograph of a surface of a turbine engine 
component before an etch treatment; 

FIG. 2 illustrates a cross-section of a surface of a turbine engine 
component prior to etching; 

FIG. 3 is an SEM micrograph of the surface shown in FIG. 1 following 
an etch treatment; 

FIG. 4 illustrates a cross-section of the surface of FIG. 2 following 
etching; 

FIG. 5 illustrates an enlarged cross-sectional view of FIG. 4; and 
FIG. 6 illustrates another enlarged cross-sectional view of FIG, 4. 
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FIG. 4 
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1. Abstract 

A turbine engine compon nt is provided that has a surfac that 
contains a plurality of depressions that are ff active to increase th surface 
area of the component. The depressions are generally concave in contour 
and improve the heat transfer characteristics of the component. Methods for 
forming the turbine engine components are also disclosed. 

2. Representative Drawing: Figure 5 
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